Infirmary, Manchester, UK SUMMARY The authors reviewed a consecutive series of 115 patients who underwent common carotid ligation during the period . Average follow-up was 10 years. Seventy-three (63%) patients presented following a subarachnoid haemorrhage (SAH) and 42 (36%) presented with the mass effect of an unruptured aneurysm. Thirty-nine (34%) patients were lost to follow-up of whom 27 had had a previous SAH. Forty-six (63%) of the 73 patients traced had suffered a SAH and amongst this group, 11 patients (24%) died from a proven or suspected recurrent haemorrhage within 10 years of ligation. The fatal recurrent haemorrhage rate was, therefore, 2 4%/year. Thirty (71%) of the 42 patients who presented with unruptured aneurysms were traced. Seven of these (23%) died: two following haemorrhage, 1 year and 16 years after carotid ligation and three patients died as a direct consequence of carotid ligation. Check angiographic studies were available for 55 patients following carotid ligation, a mean of 8-4 years after the procedure. Thirteen were conventional angiograms and 42 were intravenous angiograms obtained using the digital subtraction technique. Seventy-six per cent of the aneurysms visualised on the initial studies were either smaller or had apparently disappeared. Only four new aneurysms were detected and in two of these instances, the initial angiographic studies had been incomplete. The authors conclude that the annual rate of fatal recurrent haemorrhage from an intracranial aneurysm following common carotid ligation is of a similar magnitude to that of the natural history of conservatively managed ruptured intracranial aneurysms. Moreover, carotid ligation apparently does not prevent haemorrhage from a previously unruptured aneurysm and the procedure appears to carry a significant morbidity and mortality, even in patients with an unruptured aneurysm.
Currently, the preferred neurosurgical management of the patient with an intracranial aneurysm requires the application of a clip across the neck of the aneurysm. There remain occasions, however, when ligation of the common carotid artery may be considered a suitable or preferable alternative.1 Several earlier studies have claimed to show that common carotid ligation benefits patients with aneurysms of the intracranial circulation.24 There have been few long term studies of patients who have undergone common carotid ligation as part of the treatment for an intracranial aneurysm. It has, however, been suggested that common carotid ligation may not afford long term protection against recurrent hae-morrhage from an aneurysm.5 Since common carotid artery ligation remains part of the neurosurgical armamentarium, it is important to confirm or refute this claim. This study reviews the early and long term results of common carotid artery ligation in two groups of patients: those who had suffered a previous subarachnoid haemorrhage (SAH) and those who had presented with the effects of an unruptured intracranial aneurysm.
Clinical materials and methods
We reviewed the case histories of patients who underwent ligation of the ipsilateral common carotid artery as part of the management of an intracranial aneurysm(s) in our Department during the period . In all instances, the carotid ligation was achieved by gradual occlusion over a period of three to five days. Fourteen patients who underwent common carotid ligation as part of the management for other conditions were excluded from this study. An attempt was made to contact all patients and those who responded were examined, had a computed tomography 894 (CT) scan and an angiographic study using the digital intravenous subtraction technique (DIVA). Informed consent was obtained from all patients, apart from eight who refused and therefore only underwent clinical examination. Attempts were made to trace the non-respondents (39) via their General Practitioner or the Family Practitioner Committee in order to ascertain their quality of life or the mode of death, if known. Only 13 patients had had conventional angiographic studies done prior to the advent of DIVA. These findings are included in this report and these patients did not have a further DIVA examination. An attempt was made to grade retrospectively the condition of each patient at the time of initial presentation, using the criteria defined by Hunt and Hess.6 In all cases, the pre-operative angiogram was compared with serial arterial or DIVA studies to determine changes in aneurysm size, vessel calibre and the appearance of new aneurysms.
Summary of cases One hundred and fifteen patients underwent common carotid ligation in our Unit during the period (table  1) . Seventy-three (63%) of these presented following a SAH and 42 patients (36 5%) presented with the mass effect of an unruptured aneurysm. There were 16 cases of multiple aneurysms and six patients had giant aneurysms. Follow-up was complete in 76 patients (66%); 26 of these had died, the mean period of follow-up prior to death being six years. The mean follow up for the fifty survivors was 12 years and the mean follow up for the whole group was 10-3 years (range 2 weeks to 27 years). Amongst these 76 patients, 64 patients (60%) had had a previous subarachnoid haemorrhage and 30 (39%) had an unruptured aneurysm. Thirty-nine (31%) patients were lost to follow-up after a mean of 3 75 years (range two weeks to 20 years) and half of these patients were followed for more than two years (fig 1) . Information about their clinical condition at the time of their last attendance was available but their current state was unknown.
Review of the pre-operative angiograms demonstrated a total of 141 aneurysms with a preponderance of aneurysms in the vicinity of the posterior communicating artery (table  2) . This was to be expected since carotid ligation has generally been recommended for aneurysms of the internal carotid artery.7 In the early part of the series, routine four vessel angiography was not performed and therefore the true proportion of multiple aneurysms in the series is probably an under-estimate. In 20 cases an anterior communicating artery aneurysm was demonstrated and in nine of these the blood supply was predominantly unilateral. The middle cerebral artery aneurysms (11) haematoma visible on CT scans or a history highly h of untreated rup-suggestive of SAH in addition to confirmation of the at younger patients presence of xanthochromia in the cerebrospinal fluid rrhage-free interval following lumbar puncture. "Suspected haeid this ( fig. 2) , there morrhage" was taken to be the cause in patients from ibution between age whom a history typical of SAH was obtained or when erval to re-bleed.
there was certification that the cause of death was F6 (66%) of all the SAH or that the relatives of the deceased had been these had had a told that the cause of death was a "further haeage and 30 (39.5%) morrhage". An anterior communicating artery d aneurysm. Com-aneurysm (14% of all aneurysms for which carotid ndance at review or ligation was performed) was responsible for recurrent haemorrhage in 21 % of those patients with recurrent SAH following carotid ligation. There have been several angiographic studies of both the natural history of aneurysms and of those aneurysms treated by carotid ligation.4-16 In one study in which follow-up was continued at intervals extending to 11 years following ligation, 77% of those aneurysms could not be seen. ' We did not consider it justifiable to carry out arterial angiograms on all our review patients because of the implied morbidity of this procedure. 7 The advent of digital subtraction angiography which can be achieved using intravenous contrast media'8 has to some extent circumvented this objection. It is possible to visualise intracranial aneurysms using DIVA studies although the definition is inferior to that of conventional angiography. Inevitably, some aneurysms will be missed using this technique but this implied that our findings are in fact biased in favour of a beneficial effect of carotid ligation on aneurysmal size. It is of interest that 72% of our aneurysms were either smaller or could not be seen following carotid ligation and this figure is similar to that report in another series using conventional angiography.' However, failure to visualise an aneurysm sac does not imply that the aneurysm will not bleed again.8
Conclusion
Our study implies that radiologically there is some evidence of a beneficial effect following ligation of the common carotid artery in that a considerable proportion of aneurysms decrease in size or even disappear. Unfortunately it is clear that ligation of the carotid artery carries a considerable risk of both morbidity and mortality, especially in the older patient. This risk is not confined to patients whose aneurysm has previously ruptured. Furthermore, intact aneurysms may rupture many years after carotid ligation. Notwithstanding the encouraging radiological findings, the clinical results suggest that common carotid ligation does not reduce the risk of fatal recurrent haemorrhage in the long term when compared with the natural history of surgically untreated intracranial aneurysms.
